INTRODUCTION {#sec1}
============

Periodization is the appropriate manipulation of training stress to optimize gains in athletic performance \[[@cit0001], [@cit0002]\]. Additionally, training periodization has also been referred to as a common strategy to organize and manipulate training loads (TL) in order to ensure a proper balance between training stress and recovery. Such balance may optimize the adaptive responses and athletic performance whilst avoiding negative consequences, which could lead to non-functional overreaching or overtraining syndrome \[[@cit0002]--[@cit0007]\]. One periodization strategy that has been employed to maximize the effects of the training stimulus involves the use of periods of intensified physical training at certain stages followed by recovery periods (tapering) \[[@cit0003], [@cit0007]\]. An insufficient period of recovery between successive training sessions likely may cause the suppression of the immune system \[[@cit0008]\] and may lead to an increase of the risk of illness, notably, for greater incidence of upper respiratory tract infections (URTI). It has also been demonstrated in adult athletes that strenuous training might have an increased risk of infection because of transient immune suppression \[[@cit0009]--[@cit0011]\].

Despite the relevance of these associations between training load and immunity, there is limited information regarding young athletes. It is noteworthy that nowadays, young athletes are also involved in intensive training programmes \[[@cit0011]\] and frequently participate in official competitive matches separated by short time intervals \[[@cit0012]\]. Among the few studies that have investigated the effect of a competition with matches separated by short time intervals (congested schedule) in youth team sport athletes, Mortatti et al. \[[@cit0012]\] demonstrated a significant relationship between the salivary immunoglobulin A (SIgA) decrease and the incidence of URTI symptoms in young soccer players, monitored through an official competition, which included 7 matches played over 20 days. However, as yet little is known regarding how youth team sport athletes cope with intensified periods of training load, and particularly how this periodization strategy might affect their mucosal immunity.

A transient fall in SIgA has been shown to be a good predictor of increased risk of URTI \[[@cit0013]\]. The role of SIgA is to prevent viral replication and to inhibit the attachment of bacteria and viruses at the mucosal epithelium in the mouth, throat, and upper respiratory tract \[[@cit0014]\]. Therefore, a decrease in the production and/or concentration of this antibody due to intensified training load periods would represent a risk factor for subsequent URTI episodes in athletes \[[@cit0009]\]. Moreover, Kunz et al. \[[@cit0015]\] investigated the effect of fitness level on the acute salivary antimicrobial proteins response, including SIgA, of highly experienced cyclists at various exercising workloads. The results of their study revealed that highly fit cyclists exhibited a greater post-exercise increase in the SIgA concentration. The reported percentage difference between highly fit and less fit cyclists was +181%. Interestingly, this result suggests that the fitness level would affect the SIgA response, at least for an acute exercise bout.

However, up to now, the SIgA response during a deliberately intensified training phase followed by a tapering period in young basketball players is still unknown. Moreover, there is scarce knowledge about the influence of the player's aerobic fitness level on SIgA response and URTI symptoms in this population. Therefore, the aim of the present study was to examine the effect of an intensified training phase followed by a tapering phase on the SIgA concentration and on the occurrence and severity of URTI symptoms in elite young male basketball players. It was hypothesized that an intensified training phase would elicit a greater decrease in SIgA concentration, which would increase the severity of URTI symptoms compared to the tapering phase. Additionally, it was expected that the SIgA response (SIgA concentration) would be affected by aerobic fitness level.

MATERIALS AND METHODS {#sec2}
=====================

Participants {#sec2.1}
------------

Twenty-three male basketball players (mean ± SD: age, 15.8 ± 0.8 years; body mass, 82.7 ± 13 kg) volunteered to participate in this investigation. The basketball players were from an under-17 age group and regularly competed in a major State Basketball Championship in São Paulo, Brazil. The inclusion criteria for the present investigation were: participants had to be familiar with training exercises used in the investigation and to have been performing strength training regularly for at least 6 months before the commencement of the study. To include the participants' data in the final analysis, additional criteria were adopted: completion of at least 75% of the training programme, completion of session rating of perceived exertion (session-RPE) and a weekly questionnaire for URTI symptoms (WURSS-21), and they had to perform the field test and provide saliva samples at the three testing occasions (T1, T2, and T3). Data of players who had injuries during the investigation period were excluded. Data from 23 basketball players were retained for analysis according to these additional criteria. All 23 players whose data were considered completed all the planned training sessions (100%). Data from 2 players were excluded due to players' commitments. This research conforms to the ethical principles, which was approved by the local University Research Ethics Committee. All experimental procedures, risks and benefits were explained in detail to the athletes and their respective parents or their legal guardians, and written informed consent was obtained from each participant and their respective parents or guardians.

Internal training load (ITL) {#sec2.2}
----------------------------

The session-RPE method was used to determine the ITL through the product of session duration (in minutes) and session-RPE score for both strength training and skill-conditioning sessions in accordance with the method adopted previously in basketball players \[[@cit0016]--[@cit0018]\]. The averages of accumulated weekly ITL for each phase were retained for analysis.

Upper respiratory tract infection (URTI) symptoms {#sec2.3}
-------------------------------------------------

Symptoms and functional impairments associated with the common cold were assessed using the Wisconsin Upper Respiratory Symptom Survey-21 (WURSS-21) questionnaire. The WURSS-21 questionnaire was filled out on a weekly basis at the end of every assessed week. The validity of this questionnaire has been demonstrated earlier by Barrett et al. \[[@cit0019]\] and was adopted with young team sport athletes by Freitas et al. \[[@cit0004]\]. The questionnaire includes 1 global question, 10 symptom-based questions, 9 functional impairment/quality-of-life questions, and 1 global change question. The severity of each reported symptom was rated on a 7-point Likert scale: 1 (very mild), 3 (mild), 5 (moderate), and 7 (severe). Symptoms not experienced were recorded as 0. A global score for general symptoms was calculated from the sum of the 10 symptom-based and the 9 functional impairment/quality-of-life questions as proposed by Barrett et al. \[[@cit0019]\].

Performance test (aerobic fitness test) {#sec2.4}
---------------------------------------

### Yo-Yo Intermittent Recovery Test (Yo-Yo IR1)

To assess players' aerobic fitness, the level 1 version of the Yo-Yo Intermittent Recovery (Yo-Yo IR1) test was applied according to previously described methods \[[@cit0020]\]. All basketball players were familiar with the testing procedures. The players performed repeated 20-m shuttle runs, back and forth between the starting line and finish line marked by cones, at progressively increasing speeds dictated by an audio bleep emitted from a CD player. Between each shuttle, the players had a 10-s period of walking around a cone placed 5 m from the starting line. Failure to achieve the shuttle run on two successive occasions resulted in termination of the test. Total distance covered represented the test result. All the Yo-Yo IR1 tests were performed in the same basketball court where the basketball players usually trained. Reliability of the Yo-Yo IR1 test, calculated as the coefficient of variation, was shown to be 4.9% for the total distance \[[@cit0020]\].

### Aerobic fitness level determination

Subjects were divided by a median split into high (HG) and low (LG) aerobic fitness groups based on their Yo-Yo IR1 performance at T1 (commencement of the study).

Saliva collection and assays {#sec2.5}
----------------------------

Saliva collection required the subjects to passively drool directly into sterile 15-ml centrifuge tubes over a 5-minute period. The samples were collected with the participants in a seated position, with eyes open, head tilted slightly forward with a minimal orofacial movement. Immediately after collection, the saliva samples were frozen and stored at -80°C until analysis for SIgA concentration. The samples were tested for SIgA concentrations in duplicate using enzyme-linked immunosorbent assays (s-IgA EIA kit, ELISA, Salimetrics, USA) in accordance with previous methods \[[@cit0021]--[@cit0023]\]. The average intra-assay coefficient of variation for SIgA was 6.0%.

Procedures {#sec2.6}
----------

The 8-week investigation period comprised 1 familiarization week, and 4 weeks of intensified training phase followed by a 3-week tapering phase, as described previously \[[@cit0006]\]. Briefly, training was intensified with the inclusion of 4 more strength training sessions (STS) on top of players' usual 2 STS per week routine. These sessions included more strength exercises and sets within each session, when compared to the "normal" training period (habitual players' programme) that were performed before the commencement of the experimental period. The STS in week 1, before the commencement of the intensified training phase (week 2 to 5), was conducted as a "familiarization period". It is important to highlight that all the assessed basketball players were, however, already familiar with the selected strength training exercises. Tactics and technical skills were also part of the training programme. Non-STS were classified as skills-conditioning training (SKS). During the tapering period (TP), the external training load returned to 2 STS a week although the intensity of these sessions was maintained at an elevated level. All participants were submitted to the session-RPE method to quantify the internal training load (ITL) in each session. The WURSS-21 questionnaire was completed on a weekly basis in order to assess URTI symptoms. All the athletes were familiar with all these procedures. Performance tests and saliva collection were carried out at the beginning of the study (T1), after the intensified phase (T2), and after the tapering phase (T3). For the saliva collection and performance assessment, athletes were required to have eaten their last meal (lunch) at least 2 hours before and not exercise for 48 hours. The samples were always collected at the team's training facility at 3:00 PM.

Statistical analysis {#sec2.7}
--------------------

SPSS 19.0 was used for all statistical analyses. The Gaussianity of data and homogeneity of variance were analysed using the Shapiro- Wilk test and Levene's test, respectively. A one-way ANOVA with repeated measures was used to compare SIgA concentration at T1, T2 and T3. Another ANOVA with repeated measures was used to compare Yo-Yo IR1 values at the three time points. In case of significant F-values the least significant difference (LSD) post hoc test was used for multiple comparison purposes. The Friedman test for non-parametric data was used to compare time points (T1, T2, and T3) for severity of URTI. If necessary, the Wilcoxon test as post-hoc analysis with Bonferroni adjustment was used for multiple comparisons. The average ITL accumulated for each training phase (intensified vs tapering phases) was compared through a paired t-test. A two-way ANOVA was used to compare the difference between groups (HG vs. LG) and test occasion (T1, T2, and T3) for SIgA concentration. In the case of violation of the assumption of sphericity, the significance was established by using the Greenhouse-Geisser correction. For all statistical analyses, the significance level was set at p ≤ 0.05.

RESULTS {#sec3}
=======

[Figure 1](#f0001){ref-type="fig"} presents ITL during the intensified and tapering phases. As expected, a higher ITL was observed for the intensified phase compared with the tapering phase (t=19.10; p \< 0.001).

![Internal training load (ITL) during the intensified training period (IT) and the tapering period (TP). AU = arbitrary units; a -- significant difference compared to intensified phase (IT) (p \< 0.05).](JBS-34-63733-g001){#f0001}

The SIgA response is presented in [Figure 2](#f0002){ref-type="fig"}. A significant decrease in SIgA concentration ([Figure 2A](#f0002){ref-type="fig"}) (F=7.48; p = 0.004) was observed from T1 to T3 (p = 0.002) and T2 (p = 0.05).

![SIgA concentration (A whole sample and B aerobic fitness level: low \[LG\] and high \[HG\]) at the beginning of the study (T1), after the intensified training period and after the tapering period). ^a^ -- significant difference from T1; ^b^ -- significant difference from T2.](JBS-34-63733-g002){#f0002}

[Figure 3](#f0003){ref-type="fig"} presents the URTI severity. Despite the SIgA decrease observed, there was no significant difference between training phases for severity of URTI (χ^2^= 2.83; p=0.242). [Table 1](#t0001){ref-type="table"} presents the results of the Yo-Yo IR1 test. A significant difference between time points was observed for the Yo-Yo IR1 test (F=58.24; p \< 0.001). A greater distance covered in the Yo-Yo IR1 test was identified at T2 (p \< 0.001) and T3 (p \< 0.001) compared to T1. However, no significant difference was noted for Yo-Yo IR1 test performance between T2 and T3 (p = 0.061). In addition, no significant group interaction (aerobic fitness level; HG vs LG) x occasion (T1, T2, and T3) was detected for SIgA (F=1.095; p = 0.344) ([Figure 2B](#f0002){ref-type="fig"}).

###### 

Yo-Yo IR1 test distance at the three time points.

                  T1               T2                    T3
  --------------- ---------------- --------------------- --------------------
  Yo-Yo IR1 (m)   897.39 ± 70.40   1196.52 ± 101.30^a^   1266.08 ± 90.86^a^

Note: The values are mean ± SD; IR1: Yo-Yo Intermittent Recovery Test level 1; ^a^ -- significant difference to baseline; T1 = beginning of the study; T2 = after intensified phase; T3 = after tapering phase.

![URTI severity during intensified training (IT) and tapering period (TP).](JBS-34-63733-g003){#f0003}

DISCUSSION {#sec4}
==========

The primary aim of this study was to examine the effects of an intensified training phase followed by a tapering phase on the SIgA concentration and severity of URTI symptoms in elite young male basketball players. In addition, the effect of aerobic fitness level on SIgA response was also investigated. As expected, the intensification phase led to a greater ITL when compared to the tapering phase. Therefore, it is possible to affirm that the planned external training load was successfully implemented in order to generate a deliberate intensified training phase followed by a tapering phase. The 4-week intensified training load followed by a 3-week tapering led to a significant decrease in SIgA concentration from T1 to T3 and T2 to T3. Despite the SIgA concentration decrease, the severity of URTI did not change across the investigation period. Moreover, contrary to the study's hypothesis, the aerobic fitness level did not influence the SIgA response.

Some previous findings have consistently suggested that there might be an inverse relationship between SIgA and URTI \[[@cit0009], [@cit0013]\]. Moreover, it has also been demonstrated that training load may affect URTI incidence in both men and women involved in endurance-based physical activity \[[@cit0024]\]. These associations among training load, SIgA and URTI symptoms have also been reported in some observational studies with basketball players \[[@cit0025], [@cit0026]\]. For instance, Moreira et al. \[[@cit0021]\] conducted a study with a similar sample used in the present study to investigate the effect of a 4-week training period, which included both intensified training weeks and tapering weeks. These authors reported that the young basketball players presented a greater number of URTI episodes and a lower stress tolerance during the higher training load week (2nd week of the investigation period). There was also reported a significant decrease in SIgA when comparing values found at the start with those observed after the end of the investigation.

In another study with basketball players, 8 members of the National Taichung University (NTCU) basketball team in Taiwan participated in a 4-week intensive training programme in preparation for a national tournament \[[@cit0025]\]. A significantly lower level of SIgA concentration was reported for the intensive training period when compared to a recovery period which was undertaken after the competition phase. The results from the current experimental study not only corroborate the findings from Moreira et al. \[[@cit0021]\] and He et al. \[[@cit0025]\] but also add new evidence for the effect of a deliberate intensified training phase followed by a tapering period on SIgA response of young basketball players. Taking together the findings from the current study and those reported previously \[[@cit0021], [@cit0025]\], it is possible to conclude that intensified periods of training may compromise the mucosal immunity of both young and adult basketball players, thereby exposing athletes to a greater risk of URTI.

Interestingly, contrary to the hypothesis of the current study, the observed impairment of mucosal immune function (decrease in SIgA concentration) across the investigation period did not induce a significant change in severity of URTI. However, it is noteworthy that whilst some studies demonstrated an association between SIgA and URTI in team sport athletes \[[@cit0009], [@cit0012], [@cit0027]\], others did not find such a relationship \[[@cit0026], [@cit0028]\]. For example, Moreira et al. \[[@cit0026]\] reported a decrease in both SIgA absolute concentration and SIgA secretion rate in basketball players and staff members of a national basketball team, during a 17-day training period prior to an international competition. However, these authors did not observe an association between SIgA and URTI occurrence. The authors pointed out that, possibly, a more frequent saliva sampling protocol would be required to establish a relationship between salivary SIgA and URTI, which is in accordance with the findings of Gleeson et al. \[[@cit0029]\]. Therefore, one could argue that more frequent saliva sampling over the 7-week experimental period of the present study might demonstrate this relationship. Nevertheless, it is noteworthy that the severity of URTI was tracked across the 7 weeks of the study, and not only at the three saliva sample collecting points. Additionally, no significant change in severity of URTI across the entire study was noted, regardless of the periodization of training loads (intensification phase vs tapering phase).

In another investigation with team sport athletes, Milanez et al. \[[@cit0028]\] conducted an observational study to investigate the associations between training load, stress tolerance, URTI and SIgA response in a group of female futsal players in preparation for a competition. These authors monitored 5 training weeks. Stress symptoms were assessed using the DALDA questionnaire, and symptoms of URTI were assessed using the WURSS-21. The questionnaires and saliva sample for determining SIgA concentration were measured on a weekly basis. The results of their study also revealed no significant relationship between SIgA and symptoms of URTI. Despite the significant decrease in SIgA, which was aligned with a greater training load, the expected relationship between SIgA decrease and URTI increase was not observed in their study. Therefore, it is reasonable to suppose that whilst SIgA may be used as a useful and valid indicator of mucosal immune function related to periodization of training loads, there might not be a direct relationship between these variables and URTI symptoms, mainly because of the effect of factors other than salivary antibodies which may contribute to infection development \[[@cit0030]\]. Indeed, the contribution of other salivary antimicrobial proteins, such as lactoferrin, lysozyme, and alpha-amylase, to maintaining mucosal immune integrity \[[@cit0031]\] may influence the likelihood of identifying the association between reduced mucosal immunity and URTI symptoms.

An additional aim of the current study was to investigate whether aerobic fitness level may influence SIgA response. In order to address this issue, players were divided into high (HG) and low (LG) aerobic fitness based on their Yo-Yo IR1 performance. Previous studies in both young and adult team sport athletes have demonstrated the adequate reproducibility of the Yo-Yo IR1 test \[[@cit0020], [@cit0032]\]. This test has been used in other studies of young team athletes in order to assess the prolonged, high-intensity intermittent running capacity and aerobic performance \[[@cit0033]--[@cit0035]\]. It has been proposed that basketball players should have a good aerobic capacity \[[@cit0031], [@cit0036]\]. Indeed, the aerobic capacity has been shown to be strongly correlated with high-intensity running during matches \[[@cit0031], [@cit0037]\].

Taking these features into account, it was expected that the mucosal immunity function of players in the HG would be less affected by the intensified training phase compared to the LG. Despite the unknown influence of the fitness level in SIgA response in a similar homogeneous sample, the hypothesis was based on previous results with athletes from studies which had assessed different physiological responses. For instance, a previous study \[[@cit0038]\] reported that Australian football players with better 6 min run performance presented smaller disturbances in blood creatine kinase prior to the competition. Indeed, another study \[[@cit0039]\] showed that fitter team sport athletes experience smaller metabolic disturbances and less acute fatigue following high-intensity activity; moreover, greater aerobic fitness has been shown to affect repeated-sprint performance, reducing the associated decrement in this test.

As a matter of fact, it is important to highlight that the effects of athletic training on SIgA response have been investigated through cross-sectional (athletes vs. non-athletes) \[[@cit0040]\] and longitudinal studies with different populations and varying experimental durations \[[@cit0012], [@cit0023], [@cit0027], [@cit0041]\]. Whilst it has been shown that periods of congested schedule competition may reduce SIgA concentration \[[@cit0012], [@cit0023]\] in young and professional soccer players, respectively, and that a heavy training load may also impact SIgA response in team athletes \[[@cit0027]\], none of these studies took into account the fitness level of the participants, except when comparing sedentary or non-athletes individuals with athletes \[[@cit0040], [@cit0042]\]. Therefore, the present findings are novel and suggest that in a relatively homogeneous sample, like that usually found for team sport athletes, the differences between the high aerobic fitness level athletes and their less fit counterparts are not enough to discriminate or predict the magnitude of SIgA decrease. Nevertheless, it is noteworthy that this result might be attributed, at least in part, to the homogeneity of the analysed sample.

CONCLUSIONS {#sec5}
===========

In summary, the present findings suggest that an intensified training load period followed by a 3-week tapering period negatively affects the mucosal immune function of young basketball players. Nevertheless, regardless of the observed decrease in SIgA concentration, there was no significant change in severity of URTI, and yet the performance in the aerobic fitness test increased. These findings suggest that there may be an association between increased training load and reduced SIgA response and that the delayed effect of a training load intensification period may be relatively long, despite subsequent reduction in training load. Finally, based on the current results, it seems that the initial fitness level does not affect the SIgA response during the intensification period followed by a tapering period in young basketball players.
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